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ABSTRACT 
Xiao Zhang: The association between meat intake and type 2 diabetes and prediabetes in a 
Chinese population: A cross-sectional study 
(Under the direction of Penny Gordon-Larsen) 
 
 
 The associations between the consumption of total meat, unprocessed red meat, 
unprocessed poultry, and processed meat and the risk of type 2 diabetes (T2D) and prediabetes 
(pre-DM) in the Chinese population remains unclear. I cross-sectionally examined the 
associations between meat intake and T2D and pre-DM and the modification effect of weight 
status and age. 7,421adults in the China Health and Nutrition Survey in 2009 were enrolled. 
Patients with abnormal fasting blood glucose or self-reported diabetes diagnosis were identified. 
Meat intake was assessed by using 24-hour dietary recalls. Odds ratios (ORs) were estimated 
using multinomial logistic regressions. A possible modification effect by weight status or age 
was tested by using likelihood ratio tests. The multivariate-adjusted ORs for higher levels 
compared with lowest level of meat intake were non-significant for all kinds of meat (P>0.05). 
The likelihood ratio tests for meat-BMI interaction and meat-age interaction were non-significant 
(P>0.05).  
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CHAPTER 1: MAIN MANUSCRIPT 
Introduction 
The rates of T2D in China soared from 0.9% in 19801 to 11.6% in 20102—a rise 
attributable in part to the Westernization of the Chinese diet, including increased consumption of 
meat and meat products2-6. The associations between meat consumption and T2D varied across 
meat types and populations and differed by sex7-9. Prospective studies published between 2002 to 
2013 showed a consistent association between meat consumption levels and increased risk of 
T2D among Western men10-12, though studies in 2006 and 2013 found no consistent link among 
women10,13. Recent meta-analyses in both Western and Asian populations correlate a diet high in 
unprocessed red meat and processed meat with an increased the risk of T2D in both men and 
women7-9. In terms of poultry, cohort studies have reported no association between poultry 
consumption and T2D among men10-12, 14, 15, but data among women are conflicting: some show 
positive association10,14; some show negative association13,16; and some show no association15. 
In 2013, 50.1% of adults in China had pre-DM2, a condition of abnormal glucose 
homoeostasis, such as impaired fasting glucose (IFG) and/or impaired glucose tolerance (IGT)17.
Being pre-DM puts a patient at high risk for developing T2D; globally, about 11% of pre-DM 
patients acquire T2D each year. Additionally, pre-DM can carry its own risks of diabetic 
complications18-21. Even when overt diabetes is prevented, both micro and macrovascular disease 
appears more prevalent in those with pre-DM compared to their normoglycemic peers18-21. Thus, 
the best way to prevent T2D and its complications is to reverse pre-DM and to restore normal 
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glucose regulation22,23. Clinical trials in Western populations have demonstrated that dietary and 
medical intervention can reduce the rates of T2D, even if most participants remain with pre-DM 
while some revert to normal glucose regulation18-21. To the best of my knowledge, however, no 
published study has evaluated the association between meat intake and pre-DM.   
Up until now, little has been known about the association between meat consumption and 
T2D or pre-DM in the Chinese population. So far, a single study of Chinese women found that 
the intake of total meat (unprocessed red meat and poultry combined) was inversely associated 
with the risk of T2D13—a result inconsistent with the findings of the majority of Western 
studies11,15. It is important to note that, in China, the kind of unprocessed, red meat most 
popularly consumed is fatty pork, whereas in the West, the most popular is beef25. In China, 
unprocessed fatty pork, which has > 10 g of fat per 100 grams of raw pork, constituted four-fifths 
of the unprocessed red meat consumed from 1991 to 200924. These two kinds of meat have 
different components that could affect how strongly their consumption can be linked to T2D. 
Beef contains fewer saturated fatty acids (SFA)26 and more heme iron26,27 than does fatty pork. 
Both SFA and heme iron can contribute to the development of T2D: SFA increases serum free 
fatty acids and has been found to cause insulin resistance both in the liver and muscles28,29; and 
high doses of heme iron may lead to oxidative stress and may consequently increase one’s risk of 
developing T2D30,31.  
Obesity, an important risk factor accounting for more than half of new T2D cases32,33, is 
likewise associated with higher levels of meat consumption34,35,12. However, whether or not 
one’s weight status modifies the relationship between the level of meat consumption and the 
development of T2D or pre-DM remains unclear. The possible role of body mass index (BMI) 
was investigated in most of the studies evaluating the association between meat consumption and 
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T2D10-15,36-38; among these studies, only two found significant correlation between meat intake 
and BMI levels, but even the conclusions of those two studies were inconsistent10,13. The 
European Prospective Investigation into Cancer and Nutrition (EPIC) study, which looked at the 
European population over 11.7 years, indicated that the consumption of total meat (unprocessed 
red meat, poultry, and processed meat, combined), red meat, poultry, and processed meat was 
statistically positively associated with a risk of T2D in normal-weight and overweight 
individuals, but the association was borderline or not significant among obese individuals10. On 
the contrary, in their cohort study of Chinese women, Villegas et al. found that normal-weight 
participants’ consumption of total meat (unprocessed red meat and poultry combined with 
processed meat) was statistically negatively associated with a risk of T2D in normal-weight 
participants, but that the risk in overweight and obese participants was statistically positively 
associated13. Possible explanation for the modification by BMI level may be that obesity status 
can modify several pathogenesis pathways from meat intake to T2D. On one hand, obese people 
may have lower heme iron storage in the body than their normal weight peers and decrease the 
risk of developing diabetes76. The proinflammatory cytokines and adipokines produced by obese 
adipose may directly impact iron absorption from the enterocyte, additionally, proinflammatory 
cytokines represent potent inducers of hepcidin production in the liver, which may further impair 
iron absorption76. On the other hand, obese people may have higher free fatty acids level than 
their normal weight peers and increase the risk of developing diabetes77. The existing FFA in the 
body is unlikely to be turned over, because the FFA clearance may be reduced in obese people, 
moreover, the elevated free fatty acids may inhibit insulin’s anti-lipolytic action, which will 
further increase the rate of FFA release into the circulation and therefore, hugely increase the 
FFA level77. 
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Age is an independent, irreversible risk factor of T2D74. The risk of developing T2D 
increases with age: people aged 45 to 64 were developing diabetes at a faster rate, edging out 
adults aged 65 and older worldwide74. However, it is unknown whether meat consumption is 
having as large negative impact on the risk of T2D in elderly persons as in younger adults. The 
Diabetes Prevention Program (DPP) has demonstrated that a lifestyle intervention is more 
recommended for older individuals (aged 60-85) compared to younger adults (aged 25-59). DPP 
indicate that there are significant age differences in response to lifestyle modification (including 
dietary intervention), which appear to reflect variation in both behavior and biology75. The age 
range, 18-75 year, of CHNS sample facilitating our analysis of the modification effect of age 
from young adults to elderly people. 
In order to probe the possible association between meat consumption and T2D in the 
Chinese population and to question whether BMI and age play a role in this association, I mined 
the data in the China Health and Nutrition Survey (CHNS) from 2009 in order to conduct a 
cross-sectional study. The survey respondents were all Chinese adults. They were asked about 
their consumption of four kinds of meat: total meat, unprocessed red meat, unprocessed poultry, 
and processed meat (see Table 1). I assigned each survey participant a weight status 
(underweight, normal weight, overweight, or obese) so that I could investigate whether one’s 
weight status has a modification effect on whether meat consumption is correlated with the 
development of pre-DM and T2D. I asked the following research questions: 1. whether meat 
consumption (total meat, unprocessed red meat, unprocessed poultry, and processed meat) was 
associated with higher odds of being pre-DM or T2D in Chinese adults; 2. whether weight status 
modified the association between meat consumption and the odds of being pre-DM or T2D in 
Chinese adults; and 3. whether age modified the association between meat consumption and the 
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odds of being pre-DM or T2D in Chinese adults. I hypothesized the following: 1. Unprocessed 
red meat and processed meat consumption would be associated with higher odds of being pre-
DM and T2D in Chinese adults, unprocessed poultry and total meat would be not associated with 
higher odds of being pre-DM and T2D; 2. One’s weight status would modify the effect of all 
kinds of meat consumption on the odds of developing pre-DM or T2D; and 3. One’s age would 
modify the effect of all kinds of meat consumption on the odds of pre-DM and T2D.  
 
Table 1. Meat categorization method in the study 
Total meat  The following three kinds of meat combined 
Unprocesse
d red meat 
Pork rib chop, pork top round hog, pork top round hog, pork tenderloin, shredded 
pork, pork rump, pork tendon, lean shoulder pork, hind hock pork, pork flank, pork 
ear, stewed pork, medium fat beef, hind shank beef, fore leg beef, beef back, lean 
beef, beef flank, tenderloin mutton, lean mutton, hind leg mutton, mutton fore leg, 
mutton flank, goat meat, roasted mutton, donkey meat, etc.  
Unprocesse
d poultry 
Chicken breast, chicken whole, chicken leg, chicken wing, braised chicken, stewed 
chicken, roasted chicken, chicken nugget, turkey, duck whole, etc.  
Processed 
meat 
Pork sausage, bacon, cured pork, pork floss, ham, luncheon meat, pickled pork rib, 
barbequed pork, fermented beef, dried beef, beef jerky, cured beef, cured mutton, 
soy sauced duck, cured duck, soy sauced goose, etc. 
 
 
Method 
Study population 
All data used in this study were derived from the CHNS, an ongoing longitudinal study 
from 1989 to 2015, with a focus on assessing the relationships between the social and economic 
transformation in China and the resulting effects on the health and nutritional status of the 
Chinese population39. Questionnaires were used to collect demographic, socioeconomic, 
anthropometric, behavioral, and health information. Fasting blood was collected in 2009. The 
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CHNS used a multistage, random cluster process to draw the sample from nine diverse provinces 
throughout China over eight survey rounds, and communities were selected randomly as the 
primary sampling units. The sampling procedure has been described in detail elsewhere40,41. The 
study was approved by the Institutional Review Board at the University of North Carolina at 
Chapel Hill, the China-Japan Friendship Hospital, the Ministry of Health, the Institute of 
Nutrition and Food Safety, and the China Centers for Disease Control; subjects gave informed 
consent before participating. 
I restricted analyses to adults aged 18-75 at the time of the 2009 exam who had dietary 
and blood biomarker data (n=8174). I excluded individuals who had missing information related 
to diabetes status, including fasting blood glucose, diabetes diagnosis, and diabetes medicine 
taking history (n=407, 5.0%), as well as those missing body mass index (n=148, 1.8%), and 
those having implausible energy intake (>6000 kcal/d or <600 kcal/d) (n=118, 1.4%). To reduce 
the possibility of reverse causality, I additionally excluded individuals with a previous diabetes 
diagnosis (n=80, 1.0%). Therefore, the final analytic sample consisted of 7,421 participants: 
3,451 men and 3,970 women.  
Dietary Intake Assessment  
The survey administers hired trained health workers to assess participants’ dietary intake 
by using three, consecutive, 24-hour dietary recalls (two weekdays and one weekend day) during 
the same three-day period. The health workers interviewed the participants on each of those days 
to collect the types and amounts of all food items (measured in grams) consumed during the 
preceding 24 hours, both at home and away from home41. Participants who reported having eaten 
mixed dishes were prompted to report the amount of each component ingredient. From this 
information, I could calculate the average intakes of meat and subtypes of meat for each person 
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and then calculate each individual’s total energy intake by linking dietary intake data to the 
China Food Composition Table26. I calculated the average intake of different types of meat for 
each individual from the three consecutive 24-hour recalls. 
The survey tracked the number of grams of individual meat servings that participants 
consumed, such as beef tenderloin, pork loin, chicken breast and sausages, etc. I then categorized 
each separate meat as either red meat or poultry, and as either processed or not processed. In my 
categorization, “total meat” denotes all unprocessed meat and processed meat; “processed meat” 
includes all cured, salted, smoked, or dried red meat and poultry; and “unprocessed meat” 
includes all muscle meat from pork, beef, and mutton that had not been treated, further 
categorized as unprocessed red meat or unprocessed poultry. See Figure 1. I categorized the 
consumption of total meat and unprocessed red meat into quartiles separately by sex because 
men and women had different distributions of all types of meat consumption; on the whole, men 
consumed more meat than did women. Given the considerable proportion of participants who did 
not consume either unprocessed poultry (76.1%) or processed meat (94.3%), it sufficed to 
categorize each surveyed individual as either a “consumer” or a “non-consumer” of these 
subtypes of meat. 
 
Figure 1. Total meat and its subtypes 
7
Ascertainment of Pre-diabetes and Type 2 Diabetes Diagnoses 
After survey participants fasted overnight, their blood was sampled and then immediately 
centrifuged, and the serum was then tested for glucose with a Hitachi 7600 analyzer, using a 
glucose oxidase phenol 4-aminoantipyrine peroxidase kit (GOD-PAP; Randox, Crumlin, UK). 
Participants were asked whether a physician had ever diagnosed them with T2D and whether 
they had ever taken anti-diabetes medicine. Participants whose fasting blood glucose (FBG) was 
≥ 126 mg/dL42 or who had a history of diagnosed T2D or who had taken anti-diabetes medicine 
were defined as having diabetes. Those with a FBG level ≥ 100 mg/dL and ≤ 125 mg/dL were 
considered as having pre-diabetes43. 
Assessment of other covariates 
Well-trained examiners followed standard procedures in order to conduct anthropometric 
measurements. They measured survey participants’ weight to the nearest 0.1 kg in light clothing 
by using a calibrated beam scale and measured their height to the nearest 0.1 cm without shoes 
by using a portable stadiometer44. I calculated participants’ body mass index by dividing their 
weight by the square of their height, categorizing BMI according to the following standards for a 
Chinese population45: underweight (BMI<18.5 kg/m2); normal weight (18.5≤BMI<24.0 kg/m2); 
overweight (24.0≤BMI<28.0 kg/m2); and obese (BMI≥28.0 kg/m2). 
Using questionnaires, trained interviewers collected information about survey 
participants’ age, sex, annually family income, highest education level attained, physical activity, 
smoking status, and alcohol consumption. They calculated participants’ per capita income by 
dividing their annual family income by their household size. To calculate participants’ total 
physical activity, they considered all of their domestic, occupational, transportation, and leisure 
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activities and assigned them a measurement in hours/week. I measured the highest education 
participants had attained by categorizing their reported total number of years of formal education 
into primary school, high school, and college or higher. I labeled participants who had never 
smoked as never-smokers; those who had smoked in their lifetimes but had quit smoking at the 
time of interview I labeled as former smokers; those who currently smoked at the time of 
interview and consumed <20 cigarettes per day I labeled as light and moderate smokers; those 
who currently smoked and consumed ≥20 cigarettes per day I labeled as heavy smokers. I 
classified participants who had not consumed any alcohol in the past year as non-drinkers.  
The urbanization of modernized China varies both spatially and temporally. Many 
communities have gained some markers of urban environments, such as markets and 
transportation infrastructure, while losing other features, like factories46. To account for these 
variants, the community urbanization index considers 12 multidimensional components that 
reflect the economic, social, demographic, and infrastructural diversity at the community level47. 
This variable is a continuous time-varying index, and higher values indicate a higher degree of 
urbanization. I identified three geographical regions: northern China (Liao Ning and Hei Long 
Jiang provinces), central China (Shan Dong, He Nan, and Hu Bei provinces), and southern China 
(Hu Nan, Guang Xi, and Gui Zhou provinces). 
Statistical Analysis 
In order to test the differences in the general characteristics of the survey participants 
across the various levels of total meat consumption, I divided participants into quartiles based on 
the amount of total meat that they consumed; through this metric, those in the first quartile had 
consumed the least amount of total meat and those in the fourth quartile had consumed the 
highest amount of total meat. Then I used ANOVA (for continuous variables) and chi-square 
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tests (for categorical variables) to test the differences by quartiles of total meat in the 
consumption of subtypes of meat, percent of energy from carbohydrates and the proportion of 
consumers eating meat. I had separate tests based on a participant’s sex because of the 
differential distributions in men and women.   
In order to test my hypothesis that the consumption of meat in a Chinese population is 
correlated with a diagnosis of pre-DM and T2D, I used multinomial logistic regression models. I 
estimated the odds ratio (OR) of pre-DM and T2D relative to non-DM by comparing participants 
in the highest quartiles of meat intake to those in the lowest; I examined total meat and meat 
subtypes separately. In these test, I created quartiles to categorize participants by the amount of 
total meat and unprocessed red meat that they consumed; create non-consumer and consumer to 
categorize participants who ever consumed unprocessed poultry or processed meat, because the 
number of consumers of these two kinds of meat were very low.  
As I sought to study the direct effect of meat consumption, I first used a simple model, 
with which I performed analyses adjusted for age and energy intake (kcal/day). In my fully 
adjusted model, however, I performed analyses further adjusted for the following factors: BMI 
(kg/m2); highest education level attained (primary/high school/college or higher); annual per 
capita income (in yuan); total physical activity (hours/week); smoking identity 
(never/former/light and moderate/heavy-smoker); consumption of alcohol in the past year 
(Yes/No); percent of energy from carbohydrates; consumption of vegetables and fruits 
(grams/day); geographic region (northern/central/southern China); and urbanization index48,49. 
Since the survey subdivided a participant’s meat consumption into four types, I included all four 
subtypes in my supplemental analysis. Given the fact that the consumption of various kinds of 
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meat can have differential effects on pre-DM and T2D, I conducted separate analyses for the four 
types of meat. I also ran models by sex because of known sex-specific associations. 
I tested my second hypothesis—that a participant’s weight status would have a modifying 
effect on the possible development of pre-DM or T2D. I categorized weight status in two groups: 
underweight and normal weight, and overweight and obese. This division made sense because 
there was only a small sample size of underweight people and they all reported similar levels of 
meat consumption, and because the prevalence of T2D among them was similar to that of normal 
weight people. Likewise, I combined the survey participants labeled overweight and obese into 
one group. Again, I categorized each participant as either a “consumer” or “non-consumer” of 
unprocessed poultry and as a “consumer” or “non-consumer” of processed meat. I then 
categorized each participant into a quartile, both for total meat intake and for unprocessed red 
meat intake. Using likelihood ratio tests, I assessed the significance of the interaction terms 
between meat consumption categories and weight status for each type of meat separately.  
Finally, I tested my third hypothesis—that a participant’s age would have a modifying 
effect on the possible development of pre-DM or T2D. Age entered the model as a continuous 
variable. Using likelihood ratio tests, I assessed the significance of the interaction terms between 
meat consumption categories and age for each type of meat separately. 
All analyses were performed using Stata/SE (Intercooled STATA, version 13.0, 
StataCorp, TX), and SAS (version 9.3, SAS Institute Inc., NC), with two-sided p<0.10 being 
considered statistically significant.   
Results 
The distributions of dietary and non-dietary characteristics according to quartile of total 
meat consumption are reported in Table 2.1 (for men) and Table 2.2 (for women). In comparison 
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with individuals in the lowest quartile of total meat consumption, those who consumed higher 
amounts of total meat were younger, more highly educated, more likely to live in southern China, 
frequent consumers of alcoholic beverages, people with higher total energy intake, and higher 
per capita income earners. The mean daily consumption of meat and other main food groups 
according to quartiles of total meat consumption are reported in Table 3.  
Of the 3,451 men in my study, 19.7% had pre-DM and 7.9% had T2D in 2009; among 
the 3,970 women in my study, 18.3% had pre-DM and 5.5% had T2D in 2009. In the simple 
models, which adjusted only for age and energy consumption, I found that higher consumption 
levels of total meat, unprocessed red meat, unprocessed poultry, and processed meat were not 
significantly associated with higher odds of having pre-DM and T2D. This finding remained true, 
both for men and women, in my fuller model, which controlled for the following markers: 
dietary habits (percent of energy from carbohydrates; vegetables and fruits consumption); socio-
demographics (highest education level attained, per capita income); lifestyle habits (smoking, 
total physical activity, alcohol consumption); and other risk factors of T2D (region, urbanization 
index, BMI); see Tables 4.1 and 4.2. In addition, I found that even when I included all four 
subtypes of meat consumption simultaneously in the model, it did not change the non-significant 
associations with T2D and pre-DM (see Table S1). 
The fact that all interaction terms between meat consumption categories and weight status 
were statistically non-significant at the 0.05 level (see the likelihood ratio test results in Table 5), 
indicates that the associations between the consumption of total meat, unprocessed red meat, 
unprocessed poultry, or processed meat and T2D (and pre-DM) are not differential across weight 
status. 
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Discussion and conclusion 
In this cross-sectional study of 7,421 Chinese adults (3,451 men and 3,970 women) aged 
18-75, I found no association between consumption of total meat, unprocessed red meat, 
unprocessed poultry, and processed meat and pre-DM or T2D in either men or women.  
The conclusion of a meta-analysis that included studies in both Western and Asian 
populations is consistent with my study’s present finding: this analysis found the pooled relative 
risk (RR) for T2D for high vs. low intake of total meat was 1.17 (95%Cl 0.92-1.48). Two studies 
from Japan50,51 found no association between one’s total meat consumption and the development 
of T2D. One study from China13 actually found a reverse association, but that study limited its 
total meat category to unprocessed red meat and poultry and did not include processed meat13, so 
caution should be used when interpreting this study. The null or negative associations found in 
other studies in Asia, plus my null association result, may indicate that there is no positive 
association regarding total meat intake with T2D in Asian populations.  
My study’s finding that no association exists between the consumption of unprocessed 
red meat and the odds of having T2D is consistent with a number of prospective cohort studies 
from the US12,16,25,51, Australia52, Finland53, China13, and Japan54. Although two meta-analyses 
reported statistically positive associations between unprocessed red meat consumption and the 
risk of T2D in all populations, the associations were just marginally positive: the summary RR 
for T2D with high vs. low intake of unprocessed red meat was 1.21 (95%Cl 1.07-1.38) in a meta-
analysis by Aune et al. from 10 cohort studies7, and the pooled RR per 100 grams/day increase in 
unprocessed red meat intake was 1.19 (95%Cl 1.04-1.37) in another meta-analysis from nine 
cohort studies by Micha et al.9.  
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The lower consumption of unprocessed red meat in the CHNS population—a mean 78.7 
and 63.7 grams/day in men and women, respectively—may explain my study’s finding of a null 
association between meat consumption and T2D, even as a positive association was observed in 
a Western population, where the absolute amount of unprocessed red meat consumption was 
higher—a mean of 135 grams/day, according to a 2007 study55. In 2015, 9.4% of Americans had 
diabetes72. The meat-heavy American diet could be implicated in this high rate of diabetes. The 
Chinese diet is still less-meat-heavy than the American diet, but, still, in 2014, 11.6% of the 
Chinese population had T2D73. Consequently, meat consumption may not be as large a 
contributor to the risk of T2D as other risk factors in China, such as socioeconomic status, a 
sedentary lifestyle, or circadian rhythms—at least, at this time. 
Another possible explanation for such a cross-cultural discrepancy in association is the 
fact that beef is more predominant in the Western diet and pork is more predominant in the 
Chinese diet, among meat consumers. One study24 tracking meat consumption in China from 
1991 to 2009 found that four-fifths of all unprocessed red meat intake was unprocessed fatty 
pork (> 10 g of fat per 100 g of raw pork). On the other hand, a study tracking meat consumption 
in the West observed that the majority of the unprocessed red meat intake was beef25. Beef and 
fatty pork may have varying levels of association with T2D, because beef contains fewer 
saturated fatty acids (SFA)26 and more heme iron26,27 than does fatty pork. Indeed, both SFA and 
heme iron from diet are known risk factors for T2D: SFA increases serum free fatty acids and is 
known to cause insulin resistance in both the liver and muscles28,29; high doses of heme iron in 
the diet may lead to oxidative stress and may consequently increase the risk of T2D30,31. In fact, a 
RCT suggested that a regular consumption of unprocessed lean pork in place of beef improved 
body composition over a six-month period in a Western population56.  
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My study found no association between unprocessed poultry intake and the odds of T2D. 
This finding is consistent with those of the majority of previous studies in which poultry intake 
was not associated with the risk of T2D, in either men10-12,14,15 or women15 in populations in the 
U.S., Europe, and Asia. It is interesting to note that two studies have found negative associations
between poultry intake and T2D13,16, while two have found positive associations10,14. As poultry 
contains a lower amount of heme iron than red meat, a higher intake of poultry may not 
significantly increase iron storage, which has been linked to the development of T2D57. 
Moreover, polyunsaturated fatty acids (PUFAs) in poultry can improve insulin sensitivity29. 
My study also found only a non-significant association between processed meat intake 
and the odds of T2D. This result is consistent with cohort studies in Australia and Finland, one of 
which followed men and women for four years52 and the other of which followed middle-aged 
men and women for 23 years53. However, most studies, as summarized by two meta-analyses7,9, 
found positive associations between processed meat intake and T2D, and, indeed, greater 
increases in risk compared with that of unprocessed red meat intake. The meta-analysis by Aune 
et al.7 found that the summary RR for high vs. low intake of processed meat was 1.41 (95%Cl 
1.25-1.60). The meta-analysis by Micha et al.9 found the pooled RR per 50 g/day increase in 
processed meat intake was 1.51 (95%Cl 1.25-1.83). One possible explanation for the lack of 
association that was observed in my study is that the absolute amount of processed meat intake in 
the Chinese population (mean 2.5 grams/day in men and 2.0 grams/day in women) was 
dramatically lower than that in the Western population (e.g., the National Health and Nutrition 
Examination Survey in the U.S. [NHANES53], found a mean of 23.2 grams/day in 2007; the 
European Prospective Investigation into Cancer and Nutrition [EPIC10] found a mean of 35.1 
grams/day in 2012). Despite my finding that the proportion of participants consuming processed 
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meat had increased two-fold since 1991 in China24, very few Chinese consume processed meat 
(only 6.0% and 5.4% of men and women, respectively, in the CHNS survey), and they were 
unlikely to consume unprocessed red meat above the level that is apparently associated with the 
increased risk of T2D. This argument is consistent with another cohort study among Japanese, in 
which the participants had a mean processed meat intake of 12.4 grams/day; that study found a 
non-significant association with T2D in both men and women54.  
The present study found no association between the consumption of total meat, 
unprocessed red meat, unprocessed poultry, and processed meat and the odds of pre-DM. To the 
best of my knowledge, no study has evaluated the association between meat intake and the risk 
of pre-DM. A few studies in Asia assessing the association between dietary patterns containing a 
high proportion of meat composition and the risk of pre-DM found mixed results58-60; two studies 
from Japan and China showed non-significant associations between a dietary pattern high in 
meat intake and the risk of glucose tolerance abnormality59,60; one study from Iran found a 
positive association between a meat-solid fat-sweet-mayonnaise dietary pattern and the risk of 
pre-DM58. My original hypothesis that meat intake would be associated with pre-DM is not 
supported by the available evidence in China and Japan. Together with my study’s finding with 
T2D, I concluded that meat intakes were not associated with any degree of glucose tolerance 
abnormality in Chinese population. 
Then, this present study’s interest in whether weight status affected a meat consumer’s 
likelihood of having pre-DM or T2D found no differential across weight status. This finding held 
true no matter the kind of meat consumed—total meat, unprocessed red meat, unprocessed 
poultry, and/or processed meat. A number of previous studies24-26, 29-31, 36-38 likewise found that 
BMI has no modification effect on T2D. In fact, the only two studies that had found a 
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modification effect by BMI were inconsistent10,13: the EPIC study10 found positive associations 
between meat intake (total meat, red meat, poultry, and processed meat) and the risk of T2D in 
normal and overweight individuals, but non-significant associations among obese individuals in 
Europe; on the other hand, a Chinese study13 found negative associations between total meat 
intake (red meat and poultry combined) and the risk of T2D in normal weight women but 
positive association among obese women13. One possible explanation for the EPIC study’s 
finding that the significant positive association with T2D disappeared in people with higher 
weight status is obese participants might have a greater tendency to under-report meat 
consumption than normal weight participants, thus contributing to attenuation of the association 
between meat intake and T2D. One limitation of the aforementioned Chinese study13 was its lack 
of representation as a population study: it enrolled only women of middle-age (mean age ± SD = 
51.7 ± 9.0 years) who lived in one city (Shanghai), which has the highest levels of urbanization 
in China. However, elderly women and high urbanization status themselves were the risk factors 
of T2D. Consequently, I don’t know if the exaggerated effect on T2D from meat intake among 
obese women was because of alternative mechanisms, or because of other residual, confounding 
factors. 
Finally, our study suggests that age doesn’t affected a meat consumer’s likelihood of 
having pre-DM or T2D. Changes in body composition that are typical of aging (increased 
visceral fat and decreased skeletal muscle mass) has been thought to be the major determinants 
of increasing insulin resistance with age. It is possible that the effect of meat consumption on the 
risk of T2D is not yet strong enough as that of other factors such as changes in body composition 
on T2D, and consequently, we could not observe a significant modification effect of age in the 
association between meat intake and T2D in Chinese adults. 
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Several biological mechanisms have been proposed to explain the rationale behind the 
association between meat intake and T2D risk. Heme iron in red meat is a strong pro-
inflammatory factor that catalyzes several reactions leading to the formation of reactive oxygen 
species and resulting in inflammation62. Iron impedes the liver’s capacity for insulin extraction 
and interferes with glucose uptake in adipocytes, therefore decreasing insulin sensitivity63. 
Saturated fat and branched-chain amino acids can elevate serum free fatty acids and interrupt the 
hormone metabolic pathways in the receptor and its substrate bases, consequently causing insulin 
resistance both in the liver and in muscle28,29,64. Advanced Glycation End Products (AGEs) 
produced through heating and cooking have been shown to enhance oxidative stress responses65. 
Based on the above mechanism, it is reasonable that poultry, which is lower in heme iron and 
saturated fat26, has a smaller impact on T2D compared to red meat25. In preparing processed 
meat, the high-temperature cooking process creates compounds, such as the aromatic 
hydrocarbons, heterocyclic amines, which, along with the nitrates-nitrites preservatives and 
added salt, are implicated in inflammation and oxidative stress66. 
Several strengths of this present study need to be highlighted. My study is the first study 
that evaluates the association between different types of meat intake and the odds of T2D among 
a large number of Chinese adults of all ages, both men and women. The fact that the CHNS 
survey employed a 24-hour dietary recall meant that survey participants were able to more 
accurately report the quantities and types of food they had consumed; this survey method 
eliminated more recall bias and decreased the cognitive burden on survey participants. The null 
association my study found between meat consumption and pre-DM suggests that meat 
consumption should not be a concern for those trying to prevent the development of T2D. In 
addition, I adjusted for important confounding factors, such as the level of urbanization of a 
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survey participant’s home; urbanization has been associated with the risk of T2D, but it was not 
considered in the other studies.  
There are a number of limitations inherent in my study. First, because of the study’s 
cross-sectional design, I was unable to assess the causal relationships between meat intakes and 
the risk of T2D. In order to establish a causal link, the eating behaviors of the survey participants 
would need to be studied over a period of time before the diseases appear. Second, by using meat 
consumption in the 2009 survey we assumed that meat consumption remained constant in the 
participants’ lifetime before the survey was conducted. However, the fact is people might have 
way higher or lower average meat consumption during their lifetimes and happened to be in the 
level being reported in year 2009, and therefore, we would better use accumulated meat 
consumption using dietary record in both 2006 and 2009 to predict the incidence of diabetes in 
2009 to reflect relatively true meat consumption levels before 2009 and minimize within-person 
variation. Third, because this study tracked food consumption over only three consecutive days 
in 2009, it was unlikely to capture a participant’s intake of processed meat or poultry, both of 
which are consumed on a less frequent basis in China. Fourth, we cannot completely exclude the 
possibility of residual confounding from unmeasured or incompletely measured underlying 
lifestyle factors and socioeconomic factors in Chinese population, even though we have already 
adjusted for many major confounders. Fifth, due to the collinearity of animal protein, animal fat 
and meat consumption, we didn’t adjust for animal protein and animal fat in our models, as a 
consequent, we are not able to reliably distinguish the effect of meat from intakes of its major 
components such as animal fat and animal protein. Sixth, in China unprocessed red meat is 
distinguished as either lean or fatty unprocessed red meat. Because there are potentially different 
associations of fatty versus lean red meat with diabetes, we could enter both unprocessed fatty 
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red meat and unprocessed lean red meat in the model to see how much risk of T2D would be 
reduced by substituting one portion of fatty meat to lean meat in Chinese population. Seventh, 
limited variation of intakes for unprocessed poultry and processed meat in our sample could lead 
to insufficient statistical power to detect significant association. Finally, we were also unable to 
assess levels of specific chemicals added or produced in different food preparation methods and 
thus could not address the relationship between these specific chemicals and T2D risk. 
In conclusion, I found no association between consumption of total meat, unprocessed 
red meat, unprocessed poultry, and processed meat and pre-DM or T2D in either men or women, 
and these associations were not differential across weight status in Chinese adults. 
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Table 2. Distribution of main characteristics according to the sex-specific quartiles of total meat consumption (n=7421, men 3451, women 3970), CHNS, 2009. 
Total meat consumption (g/d) 
Men (median 83.3, IQR 33.3-141.0) Women (median 66.7, IQR 22.9-116.7) 
Quartile 1 Quartile 2 Quartile 3 Quartile 4 Pa Quartile 1 Quartile 2 Quartile 3 Quartile 4 Pa 
 
(0-33.3) (33.7-83.3) (84.7-141.0) (141.7-570.0) (0-22.9) (23.3-66.7) (66.7-116.7) (116.7-581.9) 
N 953 833 803 862 995 1125 877 973 
Diabetes status, % 
Non-diabetes 71.6 69.6 72.7 75.6 
0.06* 
75.1 76.2 74.7 78.9 
0.14 Pre-diabetes 19.7 22.6 20.2 16.4 18.5 18.1 19.4 17.3 
Diabetes 8.7 7.8 7.1 8.0 6.4 5.7 5.9 3.8 
Geographical region, % 
North 28.7 26.3 18.1 9.4 
<0.0001* 
29.3 25.3 17.3 8.2 
<0.0001* Central 51.4 34.6 25.2 16.6 52.8 35.6 28.1 18.6 
South 19.9 39.1 56.8 74.0 18 39 54.6 73.2 
Highest level of education attained, % 
Primary school 41.4 32.6 30.6 24.8 
<0.0001* 
59.3 50 46 40.5 
<0.0001* High school 50.0 53.6 51.1 58.3 35.3 40.2 42.2 43.8 
College or higher 8.6 13.8 18.3 17.0 5.4 9.9 11.9 15.6 
Smoking, % 
Never-smoker 37.2 39.7 35.8 37.4 
0.24 
94.9 95.3 97.2 97.7 
<0.01* Former-smoker 6.5 7.6 5.7 5.3 0.1 0.6 0.1 0.2 
Light/moderate-
smoker 
26.0 23.1 25.2 23.7 3.3 3.3 1.8 1.3 
Heavy-smoker 30.3 29.6 33.4 33.6 1.7 0.8 0.9 0.7 
Drank alcohol in the past month, % 
Yes 57.5 61.7 62.9 65.4 <0.01* 6.2 9.2 9.5 11.6 <0.01* 
Weight statusc, % 
Underweight and 
Normal weight 
59.5 57.3 57.7 60.1 
0.71 
54.0 61.9 61.1 62.8 
<0.0001* 
Overweight 31.7 33.7 34.1 30.5 32.1 28.7 28.3 28.2 
Obese 8.8 9.0 8.2 9.4 14 9.4 10.6 9.0 
Age, year b 51.3 51.9 49.5 47.0 <0.0001* 51.7 50.0 49.1 46.9 <0.0001* 
BMI, kg/m2 23.1 23.3 23.2 23.2 0.93 23.6 22.9 23.0 22.8 <0.0001* 
Energy intake, kcal/d 2135 2225 2343 2576 <0.0001* 1769 1840 1982 2157 <0.0001* 
Per capita income 5961 8000 8133 8847 <0.0001* 5737 7500 7738 8786 <0.0001* 
Physical activity, 
hr/wk 
55.8 52.2 53.2 53.3 <0.0001* 55.8 52.2 53.2 53.3 <0.01* 
a: Differences are tested across quartiles of total meat intake using Chi-square test (categorical variable) or ANOVA (continuous variable)
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b: Median (All such values). 
C: Underweight and normal weight (BMI<24.0 kg/m2); overweight (24.0-27.9 kg/m2) and obese (BMI≥28.0 kg/m2). 
*: P<0.10 
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Table 3. Mean (SD) consumption of subtypes of meat according to quartiles of total meat consumption according to quartiles (n=7421, men 
3451, women 3970), the CHNS, 2009. 
Total meat consumption (g/d) 
Men Pa Women Pa 
 
Q1 (n=953) Q2 (n=833) Q3 (n=803) Q4 (n=862) Q1 (n=995) Q2 (n=1125) Q3 (n=877) Q4 (n=973)
Meat (gram/day) 
Total meat 9.2 (12.9) 62.6 (13.5) 
112.9 
(16.0) 
209.3 
(61.7) <0.0001* 3.6 (6.7) 47.8 (13.6) 94.1 (13.8) 
177.2 
(54.3) <0.0001*
Unprocessed red 
meat 
8.3 (12.4) 55.7 (20.0) 93.0 (31.8) 165.3 (71.1) <0.0001* 3.4 (6.5) 42.1 (17.6) 79.2 (27.2) 
136.4 
(60.3) <0.0001*
Unprocessed poultry 0.7 (4.4) 5.9 (15.3) 16.5 (29.0) 38.4 (50.1) <0.0001* 0.1 (1.5) 4.6 (12.6) 12.9 (23.6) 35.7 (46.1) <0.0001* 
 
Processed meat 0.2 (2.0) 1.0 (6.1) 3.4 (13.1) 5.6 (21.0) <0.0001* 0.1 (1.0) 1.1 (5.7) 2.0 (9.5) 5.1 (24.9) <0.0001* 
Percent of energy from 
carbohydrates 62.8 (9.4) 57.8 (8.8) 54.5 (8.6) 50.9 (9.0) <0.0001* 62.5 (9.3) 56.9 (9.2) 54.1 (8.4) 49.4 (8.8) <0.0001* 
Energy intake (kcal/d) 2177 (631) 2277 (618) 2384 (627) 2632 (659) <0.0001* 1832 (568) 1897 (542) 2017 (544) 2208 (557) <0.0001* 
a: Differences were tested across quartiles of total meat consumption using ANOVA (continuous variable). 
*: P<0.05 
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Table 4.1. Multinomial model odds ratios (95% CI) for pre-DM and T2D vs. normal by quartiles of meat intake or consumer/non-consumer, men 
(n=3451), the CHNS, 2009. 
Meat intake (g/day) 
Quartile 1d Quartile 2 Quartile 3 Quartile 4 
Total meat 
Median intakee (range) 0 (0-33.3) 66.7 (33.6-83.3) 113.3 (84.7-141.0) 196.7 (141.7-570.0) 
    Pre-DM vs. Normalc    
No. (%) of cases 188 (19.7%) 188 (22.6%) 162 (20.2%) 141 (16.4%) 
Age and energy intake adjusted modela 1.00 1.19 (0.94, 1.50) 1.04 (0.82, 1.33) 0.85 (0.66, 1.09) 
Fully adjusted multinomial modelb 1.00 1.25 (0.97, 1.62) 1.18 (0.89, 1.57) 1.07 (0.77, 1.47) 
    T2D vs. Normalc  
% of cases 83 (8.7%) 65 (7.8%) 57 (7.1%) 69 (8.0%) 
Age and energy intake adjusted modela 1.00 0.96 (0.67, 1.35) 0.89 (0.62, 1.28) 1.10 (0.77, 1.57) 
Fully adjusted multinomial modelb 1.00 0.92 (0.63, 1.34) 0.91 (0.60, 1.38) 1.18 (0.75, 1.86) 
Unprocessed red meat   
Median intake (range) 0 (0-20.0) 50.0 (20.8-66.7) 93.3 (66.7-116.7) 164.1 (116.7-526.7) 
    Pre-DM vs. Normal 
No. (%) of cases 173 (19.8%) 209 (21.7%) 169 (21.7%) 128 (15.4%) 
Age and energy intake adjusted model 1.00 1.18 (0.94, 1.48) 1.17 (0.91, 1.49) 0.79 (0.61, 1.03) 
Fully adjusted multinomial model 1.00 1.23 (0.95, 1.58) 1.31 (0.99, 1.74) 0.98 (0.71, 1.36) 
    T2D vs. Normal   
No. (%) of cases 68 (7.8%) 84 (8.7%) 55 (7.1%) 67 (8.1%) 
Age and energy intake adjusted model 1.00 1.26 (0.89, 1.78) 1.05 (0.72, 1.54) 1.22 (0.84, 1.77) 
Fully adjusted multinomial model 1.00 1.25 (0.86, 1.81) 1.10 (0.72, 1.69) 1.34 (0.85, 2.12) 
Non-consumerd Consumer 
Unprocessed poultry 
Median intake (range) 0 (0-0) 50.0 (3.3-300.0) 
    Pre-DM vs. Normal  
No. (%) of cases 514 (19.8%) 165 (19.3%) 
Age and energy intake adjusted model 1.00 1.01 (0.83, 1.23) 
Fully adjusted multinomial model 1.00 1.07 (0.85, 1.33) 
    T2D vs. Normal 
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No. (%) of cases 215 (8.3%) 59 (6.9%) 
Age and energy intake adjusted model 1.00 0.91 (0.67, 1.24) 
Fully adjusted multinomial model 1.00 0.88 (0.63, 1.23) 
Processed meat 
Median intake (range) 0 (0-0) 33.3 (2.7-200.0) 
    Pre-DM vs. Normal  
No. (%) of cases 633 (19.5%) 46 (22.0%) 
Age and energy intake adjusted model 1.00 1.25 (0.88, 1.77) 
Fully adjusted multinomial model 1.00 1.22 (0.84, 1.76) 
    T2D vs. Normal  
No. (%) of cases 255 (7.9%) 19 (9.1%) 
Age and energy intake adjusted model 1.00 1.34 (0.81, 2.23) 
Fully adjusted multinomial model 1.00 1.18 (0.69, 2.00) 
Abbreviations: OR, odds ratio; CI: confidence interval; pre-DM: pre-diabetes; T2D: type 2 diabetes. 
Using multinomial regression with T2D, pre-DM and non-diabetes as 3-category dependent variable. 
a: Age and energy intake adjusted model:  adjusted for age, total energy intake (kcal/d) 
b: Fully adjusted multinomial model: additionally adjusted for highest education level attained (primary/high school/college or higher), per capita income (yuan/yr), total physical 
activity (hour/week), smoking status (never/former/light and moderate/heavy-smoker), consumed alcohol in the past year (Y/N), percent energy from carbohydrate, vegetable and 
fruit intake (g/d), region (north/central/south), urbanization index, and BMI (kg/m2). 
c: Diabetes was defined if the participants met any of the following standards: 1) fasting blood glucose ≥126 mg/dL, 2) with a history of diagnosed T2D, 3) taking anti-diabetes 
medicine. Pre-diabetes was defined as fasting blood glucose ≥100 and ≤125 mg/dL. 
d: Total meat and unprocessed red meat were categorized into quartiles separately by sex; the intakes of unprocessed poultry and processed meat were categorized into non-
consumer and consumer. 
e: Median (g/d) in each level of meat intake 
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Table 4.2. Multinomial model odds ratios (95% CI) for pre-DM and T2D vs. normal by quartiles of meat intake or consumer/non-consumer, women 
(n=3970), the CHNS, 2009. 
Meat intake (g/day) 
Quartile 1d Quartile 2 Quartile 3 Quartile 4 
Total meat 
Median intakee (range) 0 (0-22.9) 50.0 (23.3-66.7) 96.7 (66.7-116.7) 163.3 (116.7-581.9) 
    Pre-DM vs. Normalc    
No. (%) of cases 184 (18.5%) 204 (18.1%) 170 (19.4%) 168 (17.3%) 
Age and energy intake adjusted model a 1.00 1.03 (0.82, 1.29) 1.17 (0.92, 1.49) 1.07 (0.84, 1.37) 
Fully adjusted multinomial modelb 1.00 0.96 (0.75, 1.23) 1.10 (0.83, 1.44) 0.96 (0.70, 1.31) 
    T2D vs. Normalc  
No. (%) of cases 64 (6.4%) 64 (5.7%) 52 (5.9%) 37 (3.8%) 
Age and energy intake adjusted model a 1.00 0.98 (0.68, 1.41) 1.13 (0.76, 1.67) 0.81 (0.52, 1.25) 
Fully adjusted multinomial modelb 1.00 0.89 (0.59, 1.33) 1.00 (0.64, 1.57) 0.62 (0.36, 1.07) 
Unprocessed red meat   
Median intake (range) 0 (0-16.7) 33.3 (18.3-50.0) 73.3 (50.3-100.0) 136.7 (100.3-483.3) 
    Pre-DM vs. Normal 
No. (%) of cases 207 (18.4%) 165 (19.0%) 192 (17.7%) 162 (18.2%) 
Age and energy intake adjusted model 1.00 1.11 (0.88, 1.40) 1.06 (0.84, 1.32) 1.10 (0.86, 1.40) 
Fully adjusted multinomial model 1.00 1.03 (0.81, 1.33) 0.96 (0.75, 1.24) 0.95 (0.71, 1.27) 
    T2D vs. Normal 
No. (%) of cases 69 (6.1%) 45 (5.2%) 72 (6.6%) 31 (3.5%) 
Age and energy intake adjusted model 1.00 0.97 (0.65, 1.45) 1.28 (0.90, 1.84) 0.73 (0.46, 1.15) 
Fully adjusted multinomial model 1.00 0.90 (0.59, 1.38) 1.10 (0.74, 1.65) 0.53 (0.31, 1.92) 
Non-consumerd Consumer 
Unprocessed poultry 
Median intake (range) 0 (0-0) 50.0 (3.3-243.3) 
    Pre-DM vs. Normal  
No. (%) of cases 558 (18.3%) 168 (18.3%) 
Age and energy intake adjusted model 1.00 1.12 (0.92, 1.37) 
Fully adjusted multinomial model 1.00 1.17 (0.95, 1.45) 
    T2D vs. Normal 
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No. (%) of cases 176 (5.8%) 41 (4.5%) 
Age and energy intake adjusted model 1.00 0.96 (0.67, 1.37) 
Fully adjusted multinomial model 1.00 1.03 (0.70, 1.51) 
Processed meat  
Median intake (range) 0 (0-0) 25.9 (1.7-556.6) 
    Pre-DM vs. Normal  
No. (%) of cases 680 (18.1%) 46 (21.4%) 
Age and energy intake adjusted model 1.00 1.36 (0.96, 1.93) 
Fully adjusted multinomial model 1.00 1.26 (0.88, 1.81) 
    T2D vs. Normal  
No. (%) of cases 207 (5.5%) 10 (4.7%) 
Age and energy intake adjusted model 1.00 1.02 (0.52, 2.00) 
Fully adjusted multinomial model 1.00 0.92 (0.46, 1.86) 
Abbreviations: OR, odds ratio; CI: confidence interval; pre-DM: pre-diabetes; T2D: type 2 diabetes.
Using multinomial regression with T2D, pre-DM and non-diabetes as 3-category dependent variable. 
a: Age and energy intake adjusted model:  adjusted for age, total energy intake (kcal/d) 
b: Fully adjusted multinomial model: additionally adjusted for highest education level attained (primary/high school/college or higher), per capita income (yuan/yr), total physical 
activity (hour/week), smoking status (never/former/light and moderate/heavy-smoker), consumed alcohol in the past year (Y/N), percent energy from carbohydrate, vegetable and 
fruit intake (g/d), region (north/central/south), urbanization index, and BMI (kg/m2). 
c: Diabetes was defined if the participants met any of the following standards: 1) fasting blood glucose ≥126 mg/dL, 2) with a history of diagnosed T2D, 3) taking anti-diabetes 
medicine. Pre-diabetes was defined as fasting blood glucose ≥100 and ≤125 mg/dL. 
d: Total meat and unprocessed red meat were categorized into quartiles separately by sex; the intakes of unprocessed poultry and processed meat were categorized into non-
consumer and consumer. 
e: Median (g/d) in each level of meat intake 
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Table 5. P value for significance of interaction between meat intake category and weight 
status from likelihood ratio test, the CHNS, 2009. 
Men Women 
Pre-DM 
Total meat 0.37 0.38 
Unprocessed red meat 0.19 0.66 
Unprocessed poultry 0.22 0.51 
Processed meat 0.17 0.45 
T2D 
Total meat 0.34 0.91 
Unprocessed red meat 0.85 0.31 
Unprocessed poultry 0.63 0.17 
Processed meat 0.81 0.34 
Abbreviations: pre-DM: pre-diabetes; T2D: type 2 diabetes. 
Meat intake is categorized into quartiles or non-consumer/consumer. 
Weight status is categorized into underweight and normal weight (BMI<24.0 kg/m2); overweight and obese 
(BMI≥28.0 kg/m2). 
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Table 6. P value for significance of interaction between total meat intake category and age 
from likelihood ratio test, the CHNS, 2009. 
Men Women 
Pre-DM 
Total meat 0.53 0.71 
Unprocessed red meat 0.79 0.13 
Unprocessed poultry 0.82 0.19 
Processed meat 0.44 0.66 
T2D 
Total meat 0.40 0.41 
Unprocessed red meat 0.26 0.15 
Unprocessed poultry 0.53 0.93 
Processed meat 0.86 0.39 
Abbreviations: pre-DM: pre-diabetes; T2D: type 2 diabetes. 
Meat intake is categorized into quartiles or non-consumer/consumer, age is entered as continuous variable. 
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Table S1. Multinomial logistic model odds ratios (95%Cl) with all types of meat intake for prediabetes and diabetes vs. normal by quartiles of meat 
intakes or consumer vs. non-consumer, the CHNS, 2009. 
Meat intake (g/day) 
Pre-DMa T2Da 
Quartile 1b Quartile 2 Quartile 3 Quartile 4 Quartile 1b Quartile 2 Quartile 3 Quartile 4 
Men 
 
Unprocessed red 
meat 1.00 
1.23 (0.95, 
1.58) 
1.32 (1.00, 
1.75) 
0.99 (0.71, 
1.37) 1.00 
1.25 (0.87, 
1.81) 
1.10 (0.72, 
1.69) 
1.34 (0.85, 
2.12) 
Women       Unprocessed red 
meat 1.00 
1.03 (0.80, 
1.32) 
0.97 (0.75, 
1.24) 
0.96 (0.71, 
1.29) 1.00 
0.91 (0.59, 
1.39) 
1.10 (0.74, 
1.65) 
0.53 (0.31, 
0.92) 
Pre-DMa T2Da 
Non-
consumerb Consumer 
Non-
consumerb Consumer 
Men 
Unprocessed poultry 1.00 1.06 (0.85, 1.32) 1.00 
0.88 (0.63, 
1.23) 
 Processed meat 1.00 
1.22 (0.85, 
1.32) 1.00 
1.20 (0.71, 
2.04) 
Women   
Unprocessed poultry 1.00 1.17 (0.95, 1.45) 1.00 
1.01 (0.68, 
1.49) 
Processed meat 1.00 1.26 (0.87, 1.81) 1.00 
0.93 (0.46, 
1.89) 
Abbreviations: pre-DM: pre-diabetes; T2D: type 2 diabetes  
a: Diabetes was defined if the participants met any of the following standards: 1) fasting blood glucose ≥126 mg/dL, 2) with a history of diagnosed T2D, 3) taking 
anti-diabetes medicine. Pre-diabetes was defined as fasting blood glucose ≥100 and ≤125 mg/dL.  
b: Unprocessed red meat were categorized into quartiles separately by sex; the intakes of unprocessed poultry and processed meat were categorized into non-
consumer and consumer. 
Confounders adjusted in the models are: age, total energy intake (kcal/day), highest education level attained (primary/high school/college or higher), per capita 
income (yuan/yr), total physical activity (hour/week), smoking status (never/former/light and moderate/heavy-smoker), consumed alcohol in the past year (Y/N), 
percent energy from carbohydrate, vegetable and fruit intake (g/d), region (north/central/south), urbanization index, and BMI (kg/m2), and added the intake of the 
other 3 kinds of meat (meat quartile or levels, except total meat). 
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Table S2. Percent of consumer of each type of meat, the CHNS, 2009. 
Men Women 
82.9% 82.9% 
80.3% 80.3% 
24.8% 24.8% 
Total meat 
Unprocessed red 
meat Unprocessed 
poultry Processed 
meat 
6.1% 6.1% 
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CHAPTER 2: SUPPLEMENTARY SECTIONS 
 
Introduction  
Although the main focus of the main manuscript was to evaluate the role of meat intakes 
in the development of T2D, it is important to acknowledge that dietary factors should be studied 
and thoroughly understood in the larger context of T2D prevention, especially in combination 
with another strong independent risk factor of T2D: obesity32,33.  
Elevated BMI is significantly associated with T2D, in both men and women, as suggested 
by a meta-analysis from nine studies of U.S., European and Asian populations: the pooled 
incidence rate ratios (IRRs) (95% CI) of T2D for overweight and obese vs. normal-weight 
participants were 2.40 (2.12–2.72) and 6.74 (5.55–8.19) in men, while the corresponding IRRs in 
women were 3.92 (3.10–4.97) and 12.41 (9.03–17.06)32, suggesting that BMI is an independent 
risk factor of T2D33. Furthermore, higher meat intake was associated with the risk of 
obesity34,35,67. A number of studies have found positive associations between red meat intake and 
the risk of future weight gain, including the Health Professionals Follow-Up Study (HPFS)12, 
Nurses’ Health Study I and II (NHS I & II)38,16, and a large European cohort study68. For 
example, an increase in meat intake of 250 grams/day led to a 2-kg greater weight gain after five 
years of follow up in a European population68. In China, Wang et al. evaluated data from the 
CHNS to show that the waist circumference of men consuming high levels of fatty unprocessed 
red meat increased 0.74 cm (95%Cl 0.24-0.95) by the eighth year of follow-up67. As these 
studies underscore, it is important to understand the role of BMI in the meat-T2D association.  
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On one hand, to reiterate a point made in Chapter 1, the association between meat intake 
and T2D risk may be modified by BMI. A Chinese study showed that having a higher BMI can 
make it more likely that a subject would develop T2D from high levels of meat consumption13, 
while the EPIC study indicated that being normal-weight may make more likely that a subject 
would develop T2D from high levels of meat consumption10. On the other hand, the association 
between meat consumption and T2D risk may also be mediated by BMI. Studies have suggested 
that the association between meat intake and T2D risk may be partly mediated through obesity; 
in their meta-analysis of three cohorts of U.S. adults (HPFS, NHS I & II), Pan et al. found 
attenuation in the association between red meat intake and T2D risk after further adjusting for 
BMI; thus, the total effect of meat consumption on the risk of developing T2D can be divided 
into two parts: the effect of meat intake that is explained by a higher BMI level (an indirect 
effect), and the effect of the meat intake unexplained by a higher BMI level (a direct effect). 
Similar trends were also observed in a number of Western studies11-16.  
In this present study, I evaluated the mediation effect of BMI in the association between 
total meat, unprocessed red meat, unprocessed poultry, and processed meat intake and the odds 
of being pre-DM and T2D. This part was not in Chapter 1 because it is hard to address both 
questions – modification and mediation – at the same time. I also presented some of the 
supplementary results regarding the modification effect of weight status. Although in Chapter 1 I 
concluded that there was no modification by weight status, these supplementary results 
facilitated the understanding that if the test of modification was significant, what trend would the 
modification effect be - either higher weight was exaggerating or attenuating the relationship 
between meat intake and T2D. 
 
 
	
34 
Expanded Methods 
The traditional approach to mediation analysis is based on adjusting for the mediator in 
standard regression models to estimate the direct effect. In our analysis the standard regression 
model includes variables of age, total energy intake, highest education level attained, per capita 
income, total physical activity, smoking status, consumed alcohol in the past year, protein 
alternative foods (soy, eggs, fish), vegetable and fruit intake, region, urbanization index, and 
BMI. To evaluate the mediation effect of BMI in the association between meat intake and the 
odds of T2D, I excluded BMI from the fully adjusted standard models to see how the ORs 
change. Tables 7 and 8 show the results of the models without BMI and with BMI, respectively. 
I also tested the mediation effect of BMI by using VanderWeele’s four-way 
decomposition method 69. According to this method, the overall effect of meat intake on T2D, in 
the presence of BMI, with which meat intake may interact, was decomposed into four 
components: (1) the effect of meat intake in the absence of the BMI; (2) the interactive effect 
when BMI was left to what it would be in the absence of meat intake; (3) a mediated interaction; 
and (4) a purely mediated effect. The proportion of effect attributed to the mediation effect was 
read for each type of meat, in men and women separately (see Tables 9 and 10).  
The interaction term between meat intake category and weight status was not statistically 
significant at a 0.05 significance level (see Table 11 in the manuscript). Despite this fact, I 
conducted further analysis to evaluate the joint associations between meat intake (total meat, 
unprocessed red meat, unprocessed poultry, processed meat) and weight status (underweight or 
normal weight, overweight or obese) and the odds of one having T2D on the multiplicative scale 
(see Tables 11 and 12, for men and women, respectively). This additional analysis helped give 
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me the bigger picture of how weight status was functioning in the association between meat 
intake and T2D in my population.   
All analyses were performed using Stata/SE (Intercooled STATA, version 13.0, 
StataCorp, TX) and R (version 3.4.4, R Foundation for Statistical Computing), with two-sided 
p<0.05 being considered statistically significant.   
 
Expanded Results 
Table 7 shows the OR of a man having pre-DM or T2D both before and after adjusting 
for his BMI. The multinomial logistic regression model showed that, without adjusting for BMI, 
there was a non-significant association between meat consumption (total meat, unprocessed red 
meat, unprocessed poultry, and processed meat) and pre-DM or T2D—and this held true for 
those in the higher quartile of meat intake and those in the lower quarter, as well as for those this 
present study calls a “consumer” and a “non-consumer.” Even after adjusting the model to 
account for BMI, the association remained non-significant, even if slightly attenuated or 
exaggerated. When running this analysis on the women in the study, the adjustment of the model 
to account for BMI did yield a slightly exaggerated or attenuated association, but, for all kinds of 
meat, this association remained non-significant (see Table 8).  
Using the four-way decomposition mediation assessing method, I further evaluated the 
potential mediation effect of BMI (see Tables 9 and 10). Because the overall proportion of the 
total effect attributable to mediation was small, I concluded that BMI may not be a mediator in 
the association between meat intake and the odds of pre-DM and T2D. 
Tables 11 and 12 show the joint effect of weight status and meat intake on T2D for men 
and women. Reading the ORs of T2D it seemed that, in both men and women, those who were 
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overweight or obese had higher associations between meat intakes and the odds of T2D 
compared to underweight and normal weight people. The more meat that overweight and obese 
people consumed, the more exaggerated the association with T2D – a trend observed with total 
meat, unprocessed red meat in men. Furthermore, the positive association with T2D was only 
observed in overweight and obese participants but not in normal and underweight participants 
with unprocessed poultry in men, and all kinds of meat in women. However, because the 
confidence intervals of each OR overlapped with each other, I concluded that this result 
indicated nothing. 
Synthesis  
Major research findings 
 In this cross-sectional study of the 7,421 Chinese adults (3,451 men and 3,970 women) 
aged 18-75, I found no association between consumption of total meat, unprocessed red meat, 
unprocessed poultry, and processed meat and pre-DM or T2D in either men or women. 
Furthermore, the associations between the consumption of total meat, unprocessed red meat, 
unprocessed poultry, and processed meat and T2D and/or pre-DM were not differential across 
weight status in the present study. 
Significance 
As China modernizes, the concomitant lifestyle changes and westernization of the 
Chinese diet has contributed to the increasing number of people with diabetes among the Chinese 
population2-6. In 2013, one in four people with diabetes worldwide were in China, where 11.6% 
of adults had diabetes and 50.1% had prediabetes; many were undiagnosed, untreated, or 
uncontrolled70. Despite inconclusive findings regarding associations between different types of 
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meat intake and T2D among different populations, some large prospective cohort studies among 
Western populations found significant associations between certain types of meat intake and 
T2D7-9. Before my study, there had been only one study specifically focused on the association 
between meat consumption and T2D among Chinese people, and that one study was limited to 
middle-aged women in Shanghai. There was a need for studies that include a broader swath of 
the Chinese population and that include a detailed dietary record. This current study provides 
some initial answers. Because this study is a population-based cross-sectional study covering 
nine provinces across China in 2009, and because it is strengthened by a detailed three-day, 24-
hour dietary recall that allowed us to get a good estimate of survey participants’ usual type of 
meat intake while also capturing regional variations in diet, this study offers useful information 
to health and nutrition researchers in China.  
The absence in this present study of a positive association between meat consumption 
and one’s odds of having T2D may suggest that meat intake per se may not be the most 
important concern in T2D prevention in China. My findings suggest that meat consumption may 
not be the largest contributor to the risk of developing T2D. This information could help alleviate 
the concern and decrease the psychological burden of some in China with a high BMI—or those 
who enjoy moderate levels of meat consumption—that they are doomed to develop T2D. This 
study is also important for helping draw attention to those non-dietary factors that also can be 
implicated in the dramatically increasing rates of prediabetes and diabetes in China, such as 
one’s socioeconomic status, the sedentariness of one’s lifestyle, or one’s circadian rhythms—all 
of which have dramatically changed in the past two decades25. 
The null association between meat consumption and the risk of T2D in my data warrants 
further study because the dietary transition is still under way in China. Even finding a null 
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association between meat consumption and T2D in the survey data captured in 2009—when 
China was still at an earlier stage in its rapid modernization and adoption of Western dietary 
habits—does not mean that an association would not be found from survey data captured in a 
subsequent year or decade. When conducting a study of the Chinese diet, it is very important to 
take into consideration several residual confounding factors. Among these factors is the link 
between socioeconomic status in China and meat accessibility and availability. As the survey 
data I mined illustrated, those survey participants who reported having consumed the highest 
amounts of meat were in the higher income levels71.  
Strengths and weaknesses 
 Several strengths of this study deserve attention. My study is the first to evaluate the 
association between different types of meat consumption and the odds of having T2D in a large 
number of Chinese adults of all ages, both men and women. The survey’s 24-hour dietary recall 
offered great accuracy on survey participants’ quantities of food, offered a good estimate of the 
usual type of meat they consumed, and, because of the nature of the recall, had less recall bias 
and placed a lower level of cognitive burden on responders. This study’s evaluation of the 
relationship between meat consumption and the pre-DM diagnosis may help those subjects with 
high-risk dietary patterns learn ways they can help prevent the development of T2D. Another 
strength of this study is the way it adjusted for important confounding factors associated with the 
risk of T2D, such as a survey participants’ hometown’s level of urbanization; other studies have 
not employed an urbanization index.  
 There are two limitations to my study. First, because of the cross-sectional design, I 
cannot assess a causal relationship between meat consumption and the risk of developing T2D. It 
is recommended that future analysts create cumulative averages of meat intake from a baseline to 
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the time of T2D diagnosis using longitudinal data in order to better represent long-term meat 
consumption and to minimize within-person variation. Only with that information could a causal 
relationship be found. Second, there is a possible limitation to the survey data I used. The dietary 
recalls—which were effective in capturing so much valuable information—may have failed to 
help us flag survey participants who do consume processed meat or poultry; since these two 
kinds of meat are less frequently consumed in China, they are less likely to be captured during a 
three-day window of diet recollection. I would have more confidence in making claims about the 
consumption of processed meat and poultry in China if there were a survey that tracked 
participants’ consumption over a longer period of time.  
 
Table 7. Multinomial model odds ratios (95% CI) for prediabetes and T2D vs. normal by quartiles or consumer/non-consumer of meat intakes in men, 
the CHNS (n=3451), 2009 
Meat intake (g/d) 
Quartile 1d Quartile 2 Quartile 3 Quartile 4 
Total meat 
Median intakee (range) 0 (0-33.3) 66.7 (33.6-83.3) 113.3 (84.7-141.0) 196.7 (141.7-570.0) 
    Pre-DM vs. Normalc 
No. (%) of cases 188 (19.7%) 188 (22.6%) 162 (20.2%) 141 (16.4%) 
Model without BMIa 1.00 1.97 (0.97, 1.61) 1.16 (0.89, 1.53) 1.07 (0.79, 1.44) 
Model with BMIb 1.00 1.25 (0.97, 1.61) 1.15 (0.88, 1.52) 1.03 (0.76, 1.39) 
    T2D vs. Normalc 
% of cases 83 (8.7%) 65 (7.8%) 57 (7.1%) 69 (8.0%) 
Model without BMIa 1.00 0.92 (0.64, 1.34) 0.95 (0.63, 1.41) 1.30 (0.85, 1.98) 
Model with BMIb 1.00 0.94 (0.64, 1.36) 0.95 (0.63, 1.43) 1.25 (0.81, 1.92) 
Unprocessed red meat     
Median intake (range) 0 (0-20.0) 50.0 (20.8-66.7) 93.3 (66.7-116.7) 164.1 (116.7-526.7) 
    Pre-DM vs. Normal 
No. (%) of cases 173 (19.8%) 209 (21.7%) 169 (21.7%) 128 (15.4%) 
Model without BMI 1.00 1.24 (0.97, 1.59) 1.32 (1.00, 1.73) 0.98 (0.73, 1.34) 
Model with BMI 1.00 1.23 (0.95, 1.57) 1.31 (0.99, 1.72) 0.96 (0.70, 1.30) 
    T2D vs. Normal     
No. (%) of cases 68 (7.8%) 84 (8.7%) 55 (7.1%) 67 (8.1%) 
Model without BMI 1.00 1.28 (0.89, 1.85) 1.14 (0.75, 1.73) 1.45 (0.94, 2.23) 
Model with BMI 1.00 1.28 (0.88, 1.84) 1.14 (0.75, 1.74) 1.42 (0.92, 2.20) 
Non-consumerd Consumer 
Unprocessed poultry 
Median intake (range) 0 (0-0) 50.0 (3.3-300.0) 
    Pre-DM vs. Normal 
No. (%) of cases 514 (19.8%) 165 (19.3%) 
Model without BMI 1.00 1.14 (0.91, 1.41) 
Model with BMI 1.00 1.06 (0.85, 1.33) 
    T2D vs. Normal 
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No. (%) of cases 215 (8.3%) 59 (6.9%) 
Model without BMI 1.00 0.98 (0.70, 1.36) 
Model with BMI 1.00 0.89 (0.63, 1.24) 
Processed meat 
Median intake (range) 0 (0-0) 33.3 (2.7-200.0) 
    Pre-DM vs. Normal 
No. (%) of cases 633 (19.5%) 46 (22.0%) 
Model without BMI 1.00 1.17 (0.82, 1.69) 
Model with BMI 1.00 1.20 (0.83, 1.73) 
    T2D vs. Normal 
No. (%) of cases 255 (7.9%) 19 (9.1%) 
Model without BMI 1.00 1.20 (0.71, 2.01) 
Model with BMI 1.00 1.22 (0.72, 2.07) 
Abbreviations: OR: odds ratio; CI: confidence interval; m: median; pre-DM: pre-diabetes; T2D: type 2 diabetes. 
Using multinomial regression with T2D, pre-DM and non-diabetes as 3-category dependent variable. 
a: Model without BMI:  adjusted for age, total energy intake (kcal/d), highest education level attained (primary/high school/college or higher), per capita income (yuan/yr), total 
physical activity (hour/week), smoking status (never/former/light and moderate/heavy-smoker), consumed alcohol in the past year (Y/N), percent of energy from carbohydrates, 
vegetable and fruit intake (grams/day), region (north/central/south China), urbanization index. 
b: Model with BMI: additionally adjusted for BMI (kg/m2). 
c: Diabetes was defined if the participants met any of the following standards: 1) fasting blood glucose ≥126 mg/dL, 2) with a history of diagnosed T2D, 3) taking anti-diabetes 
medicine. Pre-diabetes was defined as fasting blood glucose ≥100 and ≤125 mg/dL. 
d:	Total meat and unprocessed red meat were categorized into quartiles separately by sex; the intakes of unprocessed poultry and processed meat were categorized into non-
consumer and consumer. 
e: Median (g/d) in each level of meat intake 
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Table 8. Multinomial model odds ratios (95% CI) for prediabetes and T2D vs. normal by quartiles or consumer/non-consumer of meat intakes in 
women, the CHNS (n=3970), 2009 
Meat intake (g/d) 
Quartile 1d Quartile 2 Quartile 3 Quartile 4 
Total meat 
Median intake e (range) 0 (0-22.9) 50.0 (23.3-66.7) 96.7 (66.7-116.7) 163.3 (116.7-581.9) 
    Pre-DM vs. Normal c 
No. (%) of cases 184 (18.5%) 204 (18.1%) 170 (19.4%) 168 (17.3%) 
Model without BMI a 1.00 1.00 (0.78, 1.27) 1.18 (0.91, 1.54) 1.11 (0.83, 1.48) 
Model with BMI b 1.00 1.03 (0.81, 1.32) 1.21 (0.93, 1.57) 1.11 (0.83, 1.49) 
    T2D vs. Normal c 
No. (%) of cases 64 (6.4%) 64 (5.7%) 52 (5.9%) 37 (3.8%) 
Model without BMI a 1.00 0.89 (0.60, 1.32) 1.12 (0.73, 1.71) 0.82 (0.49, 1.36) 
Model with BMI b 1.00 0.95 (0.64, 1.41) 1.15 (0.74, 1.78) 0.81 (0.48, 1.36) 
Unprocessed red meat     
Median intake (range) 0 (0-16.7) 33.3 (18.3-50.0) 73.3 (50.3-100.0) 136.7 (100.3-483.3) 
    Pre-DM vs. Normal 
No. (%) of cases 207 (18.4%) 165 (19.0%) 192 (17.7%) 162 (18.2%) 
Model without BMI 1.00 1.07 (0.84, 1.37) 1.03 (0.81, 1.32) 1.08 (0.82, 1.42) 
Model with BMI 1.00 1.11 (0.86, 1.41) 1.05 (0.82, 1.34) 1.08 (0.82, 1.42) 
    T2D vs. Normal 
No. (%) of cases 69 (6.1%) 45 (5.2%) 72 (6.6%) 31 (3.5%) 
Model without BMI 1.00 0.93 (0.62, 1.41) 1.19 (0.81, 1.75) 0.72 (0.43, 1.19) 
Model with BMI 1.00 0.98 (0.64, 1.49) 1.23 (0.83, 1.82) 0.69 (0.41, 1.16) 
Non-consumer d Consumer 
Unprocessed poultry 
Median intake (range) 0 (0-0) 50.0 (3.3-243.3) 
				Pre-DM vs. Normal	
No. (%) of cases 558 (18.3%) 168 (18.3%) 
Model without BMI 1.00 1.21 (0.98, 1.49) 
Model with BMI 1.00 1.22 (0.99, 1.51) 
    T2D vs. Normal 
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No. (%) of cases 176 (5.8%) 41 (4.5%) 
Model without BMI 1.00 1.05 (0.71, 1.54) 
Model with BMI 1.00 1.06 (0.72, 1.56) 
Processed meat 
Median intake (range) 0 (0-0) 25.9 (1.7-556.6) 
    Pre-DM vs. Normal 
No. (%) of cases 680 (18.1%) 46 (21.4%) 
Model without BMI 1.00 1.31 (0.92, 1.88) 
Model with BMI 1.00 1.35 (0.94, 1.93) 
    T2D vs. Normal 
No. (%) of cases 207 (5.5%) 10 (4.7%) 
Model without BMI 1.00 0.96 (0.49, 1.91) 
Model with BMI 1.00 0.96 (0.48, 1.94) 
Abbreviations: OR: odds ratio; CI: confidence interval; m: median; pre-DM: pre-diabetes; T2D: type 2 diabetes.
Using multinomial regression with T2D, pre-DM and non-diabetes as 3-category dependent variable. 
a: Model without BMI:  adjusted for age, total energy intake (kcal/d), highest education level attained (primary/high school/college or higher), per capita income (yuan/yr), total 
physical activity (hour/week), smoking status (never/former/light and moderate/heavy-smoker), consumed alcohol in the past year (Y/N), protein alternative foods: soy (non-/low-
/high-consumer), egg (non-/low-/high-consumer), fish (non-consumer/consumer), vegetable and fruit intake (grams/day), region (north/central/south China), urbanization index. 
b: Model with BMI: further adjusted for BMI (kg/m2). 
c: Diabetes was defined if the participants met any of the following standards: 1) fasting blood glucose ≥126 mg/dL, 2) with a history of diagnosed T2D, 3) taking anti-diabetes 
medicine. Pre-diabetes was defined as fasting blood glucose ≥100 and ≤125 mg/dL. 
d:	Total meat and unprocessed red meat were categorized into quartiles separately by sex; the intakes of unprocessed poultry and processed meat were categorized into non-
consumer and consumer. 
e: Median (g/d) in each level of meat intake 
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Table 9. Excess relative risk and proportion attributable in 4-way decomposition mediation assessing 
method for each type of meat in men (n=3451). 
  Total meat Unprocessed red meat 
Unprocessed 
poultry 
Processed 
meat 
Proportion of effect due to each component 
  
    
CDE (neither mediation nor interaction) 5% 186% 6% -7% 
INTref (interaction alone) 72% -65% 210% 168% 
INTmed (mediation and interaction) 1% 9% 19% -11% 
PIE (mediation alone)* 21% -31% -135% -51% 
  
    Overall Proportion Mediated* 22% -21% -116% -61% 
Overall Proportion Attributable to Interaction 73% -56% 229% 158% 
4-way decomposition method by Tyler J. VanderWeele. 
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Table 10. Excess relative risk and proportion attributable in 4-way decomposition mediation assessing 
method for each type of meat in women (n=3970). 
Total meat Unprocessed red meat 
Unprocessed 
poultry 
Processed 
meat 
Proportion of effect due to each component 
CDE (neither mediation nor interaction) 32% -95% 21% 15% 
INTref (interaction alone) 85% 197% -39% 53% 
INTmed (mediation and interaction) 0% 0% 7% 12% 
PIE (mediation alone)* -17% -2% 11% 20% 
Overall Proportion Mediated* -18% -1% 19% 32% 
Overall Proportion Attributable to Interaction 85% 197% -32% 65% 
4-way decomposition method by Tyler J. VanderWeele.
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Table 11. Joint effects (ORs) of weight status and meat intake on T2D in men (n=3451), CHNS, 2009. 
Weight statusa 
Meat consumption levels 
Q1 Q2 Q3 Q4 
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
Total meat 
Normal or underweight 1.00 1.06 (0.63, 1.78) 0.74 (0.41, 1.35) 1.17 (0.66, 2.08) 
Overweight or obese 1.95 (1.22, 3.12) 1.39 (0.83, 2.32) 1.94 (1.15, 3.27) 2.58 (1.50, 4.42) 
Unprocessed red meat 
Normal or underweight 1.00 1.21 (0.72, 2.05) 1.01 (0.56, 1.81) 1.24 (0.68, 2.24) 
Overweight or obese 1.79 (1.07, 2.98) 2.09 (1.27, 3.44) 2.01 (1.15, 3.52) 2.87 (1.65, 5.00) 
Non-consumer Consumer 
OR (95% CI) OR (95% CI) 
Unprocessed poultry 
Normal or underweight 1.00 0.81 (0.48, 1.36) 
Overweight or obese 1.89 (1.40, 2.54) 1.78 (1.17, 2.71) 
Processed meat 
Normal or underweight 1.00 1.24 (0.57, 2.65) 
Overweight or obese 1.95 (1.48, 2.57) 2.21 (1.06, 4.23)  Multivariate Model: T2D = meat intake (quartile or consumer/non-consumer) * weight status (normal and underweight/overweight or obese) + meat 
intake (quartile or consumer/non-consumer) + weight status (normal and underweight/overweight or obese) + age + highest education (primary/high 
school/college or higher) + per capita income + energy intake (kcal/day) + physical activity (hrs/wk) + smoking (never/former/light and moderate/heavy-
smoker) + alcohol intake in the past year (Y/N) + region (north/central/south) + urbanization index + vegetable and fruit intake (grams/day) + percent of 
energy from carbohydrates. 
a: Underweight was defined as BMI <18.5 kg/m2, normal weight 18.5-23.9 kg/m2, overweight 24.0-27.9 kg/m2, obese ≥28.0 kg/m2 according to the 
Chinese cut-off point. 
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Table 12. Joint effects (ORs) of weight status and meat intake on T2D in women (n=3970), CHNS, 2009. 
Weight statusa 
Meat consumption levels 
Q1 Q2 Q3 Q4 
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 
Total meat 
Normal or underweight 1.00 0.91 (0.48, 1.72) 1.20 (0.62, 2.33) 0.70 (0.31, 1.57) 
Overweight or obese 2.35 (1.34, 4.13) 2.22 (1.25, 3.96) 2.46 (1.33, 4.57) 2.03 (1.03, 4.00) 
Unprocessed red meat 
Normal or underweight 1.00 0.62 (0.30, 1.28) 1.29 (0.71, 2.34) 0.67 (0.31, 1.45) 
Overweight or obese 2.12 (1.24, 3.61) 2.56 (1.44, 4.55) 2.42 (1.38, 4.23) 1.59 (0.80, 3.13) 
Non-consumer Consumer 
OR (95% CI) OR (95% CI) 
Unprocessed poultry 
Normal or underweight 1.00 0.69 (0.36, 1.35) 
Overweight or obese 2.15 (1.55, 3.00) 2.56 (1.58, 4.14) 
Processed meat 
Normal or underweight 1.00 0.51 (0.12, 2.17) 
Overweight or obese 2.30 (1.69, 3.13) 2.52 (1.12, 5.63) 
Multivariate Model: T2D = meat intake (quartile or consumer/non-consumer) * weight status (normal and underweight/overweight or obese) 
+ meat intake (quartile or consumer/non-consumer) + weight status (normal and underweight/overweight or obese) + age + highest
education (primary/high school/college or higher) + per capita income + energy intake (kcal/day) + physical activity (hrs/wk) + smoking
(never/former/light and moderate/heavy-smoker) + alcohol intake in the past year (Y/N) + region (north/central/south) + urbanization index +
vegetable and fruit intake (grams/day) + percent of energy from carbohydrates.
a: Underweight was defined as BMI <18.5 kg/m2, normal weight 18.5-23.9 kg/m2, overweight 24.0-27.9 kg/m2, obese ≥28.0 kg/m2
according to the Chinese cut-off point.
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